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Abstract: Fluid dynamics and its influence on heat andmass transport rates in gas–liquid reactors is, in

general, an important starting point for development of a process design. Improvements in the

understanding of these aspects can be particularly fruitful in the case of urea reactors where the fluid-

dynamic patterns are complicated by the co-current flow of two phases and the bubbling mode of the

vapors. The analysis of such systems highlighted the non-optimal design of existing reactors and led to

the conception of new reactor internals. Several industrial applications demonstrate the ability of the

new configuration to improve reactor efficiency. Both energy-saving and production increases were

obtained. This is a further demonstration that even mature technologies can be improved, leading not

only to economic advantages, but also to a reduction in their environmental impact.
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INTRODUCTION

Urea production is a very important process, practised

in many countries with about 700 plants of differing

capacities throughout the world. World urea produc-

tion is in the range of 80 million tonnes per year.

Process improvements able to produce energy savings

are evidently very important from both an economic

and environmental point of view. With CO2 conver-

sion in the reactor ranging from 56 to 70%, depending

on the particular technology adopted, efforts to obtain

improvements have mostly ‘been’ addressed to the

recycle system. The efficiency of the synthesis reactor

itself has been particularly underevaluated, probably

following the common conviction that the optimum

performance had already been achieved.

Urea reactors consist of cylindrical vessels (generally

20–40m high), having diameters from 1 to 3m,

containing, in most cases, several trays giving rise to

a stage-wise structure. The aim is to reduce axial

backmixing and redistribute the vapor phase. Some-

times, reactors operating at high NH3/CO2 ratios and

pressures, and having relatively small diameters, are

used without trays. In the most widespread process

configurations, the unconverted reactants are recycled

to the reactor through a series of decreasing pressure

stages using heat provided by steam. The higher the

CO2 conversion, the smaller the amount of heat and

the size of the equipment needed to reach a certain

capacity. During the formation of urea, vapor and

liquid are present all along the reactor, flowing co-

currently and exchanging mass and enthalpy fluxes

through their interfaces. As the process is also

characterized by reversible reactions, the overall

behavior is controlled by both physical and chemical

equilibria, coupled with physical and chemical

kinetics.

The original development1 and the subsequent

improvements of a simulation model2 by Dente and

colleague’s showed that conversion in these reactors

can be severely conditioned by the mass and heat

transfer rates (in competition with the chemical

reaction rate and equilibria), and also by the fluid-

dynamic pattern. This conclusion led to the concep-

tion of a new urea reactor tray design,3,4 able to

improve heat and mass transfer rates. It can be

successfully applied for revamping existing reactors,

with or without trays. The considerable increase in

CO2 conversion at low cost reduces energy consump-

tion and allows increased capacity. Many industrial

applications have already confirmed the validity of the

proposed interpretation of the phenomena.

CHEMICAL ASPECTS

A urea synthesis reactor constitutes a typical vapor–

liquid heterogeneous reaction system. Free CO2, NH3,

some water and inert compounds are contained in the

vapor phase; the liquid phase contains mainly NH3,

ammonium carbamate, ammonium bicarbonate, urea

and water. The amount of free CO2 in the liquid is very

low. Urea and water are continuously, and relatively

slowly, formed; therefore the mass of the liquid phase

increases, whilst that of the vapor decreases. Conse-

quently CO2 and NH3 (and H2O) are continuously
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exchanged between vapor and liquid. In the liquid

phase urea is produced according to the following

reversible chemical reaction scheme:

CO2Liq þ 2NH3Liq , NHþ
4 þNH2CO�

2 ð1Þ

NHþ
4 þNH2CO�

2 , ðNH4NH2CO2Þ ,

H2NCONH2 þH2OLiq ð2Þ

A side reaction can play an important role, particularly

at high temperatures (>180°C) and high water

concentrations:

H2OLiq þNH2CO�
2 , NH3Liq þHCO�

3 ð3Þ

Reaction (1) is strongly exothermic, whilst reactions

(2) and (3) are both endothermic. Reactions (1) and

(3), which involve ions, are so fast in both directions

that local equilibrium may be considered to exist at all

points. The competition between reactions (1) and (3)

is responsible for the occurrence of a maximum yield

when the temperature is in the range of 200–230°C (of

course at high H2O:CO2 ratios). The chemical rate-

determining step is constituted by reaction (2).

The first suspicion of incorrect interpretation of the

reactor behavior arose simply from analysing the

reaction system. Urea reactors are adiabatic. The

observed temperature profile shows a monotonic

temperature profile from the bottom to the top of the

reactor. The concept that reaction between CO2 and

NH3 was not influenced by transport phenomena and

that equilibrium within the reactor was achieved

rapidly was in contradiction to this observation since

it predicts that a maximum temperature should be

observed at some point. Thus, transport phenomena

are seen to be of essential importance in the reaction

process.

At the vapor–liquid interface phase equilibria are

established:

CO2Gas
, CO2Liq ð4Þ

NH3Gas
, NH3Liq ð5Þ

H2OGas , H2OLiq ð6Þ

At the interface the local chemical activities of the free

components, CO2, NH3 and H2O, are equal in both

phases. Because the free CO2 concentration in the

liquid phase is extremely low, in practice the formation

of ammonium carbamate can be considered as

occurring directly at the interface between gaseous

CO2 and free NH3 in the liquid phase. Therefore, from

a practical point of view, the equilibrium relationships

(1) and (4) can be combined, giving

CO2gas þ 2 NH3Liq , NHþ
4 þNH2CO�

2 ð7Þ

Typically the overall rate of evolution for every gas–

liquid reaction system is complicated by the interac-

tions between chemical and physical processes.

Obviously, and in particular, the modality of contact

between the two phases is of fundamental importance.

ESSENTIAL ASPECTS OF REACTOR MODELING

In spite of the world importance of urea production,

scant scientific attention appears to have been devoted

to the understanding the behavior and optimization of

the urea reactor. Some information on the system can

be deduced for instance from Refs 5–9. As said before,

it is a typical gas–liquid reactor involving not only

back-mixing phenomena, but also significant aspects

of heat and mass transfer between the phases. Liquid

and vapor–liquid homogeneous and heterogeneous

phase equilibria and kinetics are involved. Fluid-

dynamic problems arise from the presence of bubbles.

The modeling of the reactor has been discussed in

detail elsewhere, and here only the essential aspects

will be considered. The reactor is usually fed by two

streams, a liquid one (NH3 rich) and a vapor one (CO2

rich), in which recycled streams are included. Liquid

and vapor move co-currently from the bottom to the

top of the reactor, vapor being dispersed as bubbles in

order to favor exchange between the phases by

increasing the surface area. General operating condi-

tions of the reactor are:

. NH3/CO2, ratio ranges from 2.5 to 4.

. CO2 conversion ranges from 55% to 70%.

. Operating pressure increases as NH3/CO2 increases

and ranges from 135 to 230kPa.

. Outlet temperatures range from 185 to 195°C.

. Residence time ranges from 1200 to 2500s.

Detail of the macroscopic fluid-dynamic pattern will

be reported in the following section. With respect to

previously presented reactor models a third phase,

designated as clean liquid, has been considered, in

addition to the vapor and liquid–vapor emulsion. The

passage of the vapor phase through the tray generates

either continuous columns or intermittent swarms of

bubbles (depending on the specific tray configura-

tion). When trays are absent the bubbles form an

extended column. The continuous phase surrounding

the bubbles may be referred to as the ‘emulsion’.

Beyond the emulsion, there is a clean liquid phase,

separated from the emulsion by a sharp boundary (Fig

1).

Figure 1. The three phases in the reactor: bubbles, emulsion and clean

liquid.
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The following assumptions constitute the basis for

reactor modeling:

. The clean liquid phase is well mixed (CSTR model)

and exchanges mass and enthalpy with the emulsion

and vapor phases moving in plug flow.

. The interface composition is at point local equi-

librium.

. The mass balances in the liquid phase refer to

equivalent components CO2, NH3, H2O and urea,

related to the real components by means of molar

balances on C, N, O, ionic equilibrium and the

kinetic equilibria of reactions (1) and (3).

. Inert compounds are considered as being present

only in the vapor phase.

. Biuret (NH(CONH2)2) formation in the liquid

phase is neglected.

By imposing the continuity of mass fluxes at the

interfaces and the equilibrium conditions, the inter-

facial mass fraction for each component can be

derived. Continuity of energy fluxes allows us to

describe the temperature evolution in the three phases

and its evolution along the reactor in connection with

the material and energy balances of the phases.

FLUID DYNAMICS AND TRANSPORT ASPECTS

The fluid-dynamic system constituted by the vapor

and liquid streams, flowing co-currently through the

reactor, can be described schematically as follows. The

vapor phase is dispersed as bubbles. Their average size

and spatial distribution (beyond the reactor entrance

devices) are also influenced, in the case of the presence

of internals, by the configuration of the trays. The

bubble size and superficial vapor velocity control the

vapor hold-up and bubble coalescence rates. The

terminal velocity of the bubbles can be estimated from

the book by Batchelor.10 The interfacial surface area

between the population of bubbles and the surround-

ing liquid phase governs the first step of the mass and

heat transport between the two phases. The mass

bubbling is too complex to be rigorously characterized

at the local scale. Nevertheless, at least some im-

portant macroscopic aspects of relative vapor and

liquid movements are worth considering, because they

dictate the overall mass and heat transfer rates between

the two phases. The first fluid-dynamic mechanism

can be related (as a first approximation) to the well-

established behavior of a single bubble, and of its

surrounding liquid, by assuming that the bubble

volume exceeds 1cm3. It is well known that the bubble

deforms and assumes a spherical cap (or mushroom)

shape (Fig 2). Inside the bubble there is very intense

circulation of vapor: therefore the bubble is internally

‘well-mixed’, the internal composition and tempera-

ture can be considered quite uniform, with resistance

to mass and heat transfer located only at the gas–liquid

interface. In the rear of the deformed bubble a mass of

adherent liquid is present, slowly recirculating as a

vortex ring, followed by the wake.

The velocities (relative to the center of this vortex

flow) are so low that heat andmass transport into it can

be quite inefficient, compared with other transport

rates. The adherent recirculating mass, together with

the bubble cap, forms approximately an ideal sphere in

which the liquid volume is typically 5–10 times that of

the vapor bubble. The center of mass of the liquid

body rises at the same velocity as the bubble cap.

Therefore a significant lifting action is exerted on the

liquid phase by motion of the vapor bubbles. Of course

the liquid lifted with the bubbles, by means of the

aforementioned mechanism, is released when the

vapor, by complete coalescence, becomes a contin-

uous phase (for instance when it reaches the next tray).

Then, the transported extra liquid has to return to the

clean phase, crossing the width of the emulsion.

In the presence of continuous columns of bubbles, a

further mechanism takes offed. The difference of

effective specific gravity between the clean liquid and

the emulsion phase generates a well-known ‘chimney

effect’ that moves the former towards the latter. A

more specific consequence of this effect is to generate

an acceleration of bubble movement.

Both mechanisms (when operating simultaneously)

collect liquid from the lower part of the stage over each

tray (in cases where a stage-wise structure exists), and

progressively release it in approaching the next tray,

where the bubbles have to coalesce. For the continuity

of fluid flow, a large part of the released liquid flows

back towards the lowerpart of the stage. Therefore

these liquid displacements give rise to large eddies,

which stream across the columns of emulsion,

determining the intensity of convective mass and heat

transport among the different fluid regions. This

mechanism is practically absent in the case of

intermittent swarms, where, however, the bubbles

tend to coalesce, because of both their oscillations and

the wake effect. Of course this phenomenon reduces

the area of the gas-liquid interface.

The consequence of these fluid-dynamic aspects is

that the global rate of exchange is dictated by several

factors: average length of the stream path in the

emulsion columns, the extent of boundary surfaces,

the total recirculated flow-rates and so on.

The overall rate of transformation of the reactants to

Figure 2. Deformed bubble with adherent liquid mass.
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the final products, ie urea and water, is controlled by

competition between the physical and chemical

processes. The phenomenological picture is therefore

characterized by the following factors:

. Fluid dynamics and flow patterns of the two phases.

. Mass and heat transfer coefficients around the

bubbles and across the emulsion to the clean liquid.

. Extent of the surface areas of the interface and of the

emulsion-to-clean-liquid boundaries.

. Chemical kinetics, and, of course, temperature and

pressure.

Most of these factors (except of course chemical

kinetics and thermodynamic properties), are con-

trolled by the geometry of the reactor vessel and of

its internals (ie trays, when present).

The global rates of mass and heat transfer involve

the following series of steps, each characterized by its

own surface area: from the bulk of the bubbles to the

interfacial surface, through the diffusion penetration

layer to the bulk of the emulsion; across the bulk of the

emulsion regions and, finally, through their limiting

boundaries, to the clean liquid phase. The reaction to

urea takes place both in the liquid part of the emulsion

and in the clean phase. Moreover, the temperature of

the gas–liquid interface can be significantly higher than

those of the surrounding regions, because of ‘instan-

taneous’ carbamate formation, consequently reducing

the local equilibrium concentration of the carbamate

itself. The heat produced there is transferred by the

transport mechanisms already mentioned, to all the

surroundings. The net result of all these physical

phenomena, that are in competition with the chemical

reaction rate, is to increase the resistance to CO2

conversion to urea. In more detail, the following main

steps can be distinguished for urea formation:

. CO2, and NH3, are transported from the vapor into

the liquid phase of the emulsion.

. At the vapor–liquid interface gaseous CO2 reacts

with NH3 in the free liquid to form carbamate (and

bicarbonate, the relative amounts depending on the

interfacial water concentration). At the vapor–liquid

interface, local equilibrium between the two phases

is maintained. Reaction heat is generated and the

interface temperature increases.

. The carbamate (with the heat produced) is trans-

ported into the bulk of the liquid emulsion and, by

crossing it, into the bulk clean liquid phase; in these

two phases the slower, endothermic conversion of

carbamate to urea takes place.

The consequence is that an optimal reactor geome-

try is not only one that provides sufficient residence

time for the liquid phase; it is also necessary to

maximize the global rates of transport from the vapor

to the clean liquid. This requires a suitable extent of

surface between the emulsion and the clean phase and

a reduced path length of the convective stream

through the emulsion.

CONFIGURATIONS OF UREA REACTOR TRAY AND

THEIR PERFORMANCE

Essentially, three main types of reactor trays are

presently in use (Figs 3 and 4), each characterized by

a different geometrical configuration and consequently

by different behavior.

Type A

Under each tray the vapor and liquid are separated and

the liquid is then forced to pass through the outer

annular space between the tray edge and the reactor

inner wall. The vapor, after having formed a contin-

uous layer under the tray, rises through the perfora-

tions, forming new columns of bubbles. The clean

liquid is entrained and then released so generating big

eddies. The exchange between the liquid and the

vapor, however, can be considered to be not optimal

for the following reasons:

Figure 3. Previous tray configurations and fluid-dynamic patterns.

Figure 4. New tray configuration and fluid-dynamic patterns.
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. The transport between clean liquid and the con-

tinuous emulsion constituted by the columns of

bubbles is limited by the extent of the liquid/

emulsion boundary surface.

. Especially in large reactors, the length of the flow

path through the emulsion region is very large, so

increasing the transport resistances.

. Part of the liquid crossing the external annular space

may by-pass to the next tray without having been

thoroughly mixed with the emulsion phase.

. The velocity of the stream of eddies crossing the

internal part of the emulsion can be very low causing

low convective transport efficiency and the bigger

the eddy, the larger is the low velocity region.

Type B

In this case, the simultaneous passage of gas and liquid

through the holes is impossible. The co-current gas/

liquid flow through the tray holes becomes intermit-

tent; a relatively small layer of gas periodically builds

up below the tray deck, releasing a swarm of bubbles

which is then followed by a continuous slug of liquid

until the gas build-up generates the next swarm.

Again, in this case, mixing between the liquid and

vapor is not optimal as:

. The bubbles are quite large and can coalesce into-

even larger ones well before reaching the next tray,

so reducing the gas–liquid interface even more.

. The swarms of bubbles remain substantially segre-

gated from the liquid phase, and so recirculation

cannot take place into them.

New configuration

The trays are made up by several inverted U-beams

with large perforations for liquid passing through the

lower wings, and small perforations for gas passing

through the upper sections. This tray design has been

specifically conceived in order to improve mass and

energy transfer rates. It improves the tray geometry,

generating better contact patterns of the phases;

reducing the path length of the eddy stream into the

emulsion and drastically increasing the extent of the

boundary surface between emulsion and clean liquid.

The trays are in fact designed so that:

. Separate and distributed passages of vapor and

liquid through the tray are provided. This guaran-

tees steady-state flow of the two phases and a better

approach to uniform flow of the two phases

throughout the whole reactor.

. These separated paths through the tray are chosen

so that a very high mixing efficiency between

emulsion and clean liquid can be obtained. Conse-

quently very high rates of mass and heat transport

within the liquid phase are realized.

. By the appropriate selection of hole size and

number, the diameter of the vapor bubbles gener-

ated is smaller than in any previous design. In

consequence, the vapor–liquid interfacial surface,

for mass and heat transfer, is also increased (see Fig

4).

. A much more extended surface area for exchange

between emulsion and clean liquid is created.

. The much shorter length of recirculation stream

paths into the emulsion phase significantly decreases

therein the mass and heat transport resistances.

. Moreover, the higher global efficiency of the system

allows reduction of the amount of vapor phase at the

reactor outlet, in favor of more liquid phase.

RESULTS AND DISCUSSION

The new trays have been installed, in the last few years,

in about 40 urea reactors. They replaced existing ones

and, where possible, new ones were installed in

addition. The CO2 conversion was improved, reaching

a maximum increase of 6.8%. The trays were installed

in plants with capacities ranging from 250 to 2100

tonnes per day originally designed according to

technologie A and B. Figure 5 shows a comparison

of the estimated CO2 conversion, obtained from

reactor model, and the experimental one. The

reported values are related to all the three kind of

described tray configurations. The figure is both an

indication of the good description of the reactor

behavior given by the model and of the achieved

improvements in CO2 conversion obtained through

the new technology. The good agreement with the

prediction of the simulation model proves that mass

and energy transfer effects are really limiting the

overall efficiency of existing reactors.

Having demonstrated the ability of the model to

predict the reactor behavior, the possibility of improv-

ing production of urea without significant reductions

in the CO2 conversion by adopting the new trays was

investigated. With the previous technology this was

difficult to achieve. The new trays were predicted to

Figure 5. Comparison of calculated and obtained improvement in

conversion of CO2 to urea.
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give significant improvement in production while

maintaining good CO2 conversions, as shown in Fig

6 which also shows the actual results from one reactor.

As mentioned before, the increase in conversion of

CO2 to urea gives some further advantages. The most

important of these consists of a sharp reduction in

specific steam consumption. This feature was con-

firmed by a number of test run results carried out in

the field. Reductions of specific steam consumption up

to 250–300kg t�1 have been obtained and capacity

increases up to 10–15% were realized (results not

shown).

Figure 7 shows the reduction in steam consumption

obtained versus the CO2 conversion increase obtained.

The savings ranges from 10% to over 25%. The

economic importance of this reduction can be

evaluated, taking into account that steam costs about

10$ per tonne in countries where energy is more

expensive (eg USA, Europe, China, India), while the

cost is reduced by about 20% in countries where cheap

energy is widely available (eg Venezuela, Saudi Arabia,

Trinidad).

The results obtained confirm the great importance

of fluid dynamics and heat and mass transport aspects

in the system considered. The combination of skilful

modeling and original tray design have been demon-

strated to produce significant improvements in the

efficiency of urea reactors, long considered to be

operating close to their optimal performance. Impor-

tant advantages in process economy and energy saving

were obtained, especially considering that the pro-

posed modification of the reactors can be achieved

during normal plant maintenance. It is very simple to

implement because the new trays can be installed on

the existing supports. A quick return of the investment

is also assured.

REFERENCES
1 Dente M, Rovaglio M, Bozzano G and Sogaro A, Gas–liquid

reactor in the synthesis of urea. Chem Eng Sci 47(9–11):2475–

2480 (1992).

2 Dente M, Bozzano G, Zardi E and Silva P,High Efficiency Design

of Urea Reactors, AIDIC Conference Series, Vol 1, ERIS CT,

Milano, Italy. pp 191–196 (1995).

3 Urea Casale, Apparatus for increasing the yield and the

production of urea reactors, US Patent No 5 304 353 (1994).

4 Urea Casale, Method for increasing the yield and the production

potential of urea reactors, US Patent No 5 847 208 (1998).

5 Isla MA, Irazoqui HA and Genoud CM, Simulation of a urea

synthesis reactor 1. Thermodynamic framework. Ind Eng Chem

Res 32:2662–2670 (1993).

6 Irazoqui HA, Isal MA and Genoud CM, Simulation of a urea

synthesis reactor 2. Reactor model. Ind Eng Chem Res 32:2671–

2680 (1993).

7 Inoue S, Kanai K and Otsuka E, Equilibrium of urea synthesis, I.

Bull Chem Soc Jpn 45:1339–1345 (1972).

8 Inoue S, Kanai K and Otsuka E, Equilibrium of urea synthesis,

II. Bull Chem Soc Jpn 45:1616–1619 (1972).

9 Lemkowitz SM, De Cooker MGRT and Van den Berg PJ, An

empirical model for the ammonia–water–carbon dioxide

system at the urea synthesis conditions. J Appl Chem Biotechnol

23:63–76 (1973).

10 Batchelor GK, Large gas bubbles in liquid, in An Introduction to

Fluid Dynamics, Cambridge University Press, Cambridge. pp

474–481 (1970).

Figure 6. Comparison of new and old technology performance versus

increase in urea production.
Figure 7. Reduction of steam consumption versus increase of CO2

conversion.

J Chem Technol Biotechnol 78:128–133 (online: 2003) 133

New internals for urea production reactors

https://www.researchgate.net/publication/239155547_Gas-liquid_reactor_in_the_synthesis_of_urea?el=1_x_8&enrichId=rgreq-307af6d648f07104d326bd7811ce5ca8-XXX&enrichSource=Y292ZXJQYWdlOzIzMDQ4NjMzMjtBUzo5OTE4MDY2NDA2NjA2OUAxNDAwNjU3OTIxODIz
https://www.researchgate.net/publication/239155547_Gas-liquid_reactor_in_the_synthesis_of_urea?el=1_x_8&enrichId=rgreq-307af6d648f07104d326bd7811ce5ca8-XXX&enrichSource=Y292ZXJQYWdlOzIzMDQ4NjMzMjtBUzo5OTE4MDY2NDA2NjA2OUAxNDAwNjU3OTIxODIz
https://www.researchgate.net/publication/239155547_Gas-liquid_reactor_in_the_synthesis_of_urea?el=1_x_8&enrichId=rgreq-307af6d648f07104d326bd7811ce5ca8-XXX&enrichSource=Y292ZXJQYWdlOzIzMDQ4NjMzMjtBUzo5OTE4MDY2NDA2NjA2OUAxNDAwNjU3OTIxODIz
https://www.researchgate.net/publication/231366303_Simulation_of_a_urea_synthesis_reactor_1_Thermodynamic_framework?el=1_x_8&enrichId=rgreq-307af6d648f07104d326bd7811ce5ca8-XXX&enrichSource=Y292ZXJQYWdlOzIzMDQ4NjMzMjtBUzo5OTE4MDY2NDA2NjA2OUAxNDAwNjU3OTIxODIz
https://www.researchgate.net/publication/231366303_Simulation_of_a_urea_synthesis_reactor_1_Thermodynamic_framework?el=1_x_8&enrichId=rgreq-307af6d648f07104d326bd7811ce5ca8-XXX&enrichSource=Y292ZXJQYWdlOzIzMDQ4NjMzMjtBUzo5OTE4MDY2NDA2NjA2OUAxNDAwNjU3OTIxODIz
https://www.researchgate.net/publication/231366303_Simulation_of_a_urea_synthesis_reactor_1_Thermodynamic_framework?el=1_x_8&enrichId=rgreq-307af6d648f07104d326bd7811ce5ca8-XXX&enrichSource=Y292ZXJQYWdlOzIzMDQ4NjMzMjtBUzo5OTE4MDY2NDA2NjA2OUAxNDAwNjU3OTIxODIz
https://www.researchgate.net/publication/239264205_Equilibrium_of_Urea_Synthesis_II?el=1_x_8&enrichId=rgreq-307af6d648f07104d326bd7811ce5ca8-XXX&enrichSource=Y292ZXJQYWdlOzIzMDQ4NjMzMjtBUzo5OTE4MDY2NDA2NjA2OUAxNDAwNjU3OTIxODIz
https://www.researchgate.net/publication/239264205_Equilibrium_of_Urea_Synthesis_II?el=1_x_8&enrichId=rgreq-307af6d648f07104d326bd7811ce5ca8-XXX&enrichSource=Y292ZXJQYWdlOzIzMDQ4NjMzMjtBUzo5OTE4MDY2NDA2NjA2OUAxNDAwNjU3OTIxODIz



